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ADDITIVE COLOR RECHARGE, EXPOSE, 
AND DEVELOP ELECTROPHOTOGRAPHIC 

PRINTING 

FIELD OF THE INVENTION 

This invention relates to electrophotographic color print 
ers that use additive colors. 

BACKGROUND OF THE INVENTION 

Electrophotographic marking is a Well knoWn and com 
monly used method of copying or printing documents. 
Electrophotographic marking is performed by exposing a 
light image representation of a desired document onto a 
charged photoreceptor. In response to that light image the 
photoreceptor discharges, creating an electrostatic latent 
image of the desired document on the photoreceptor’s 
surface. Toner particles are then deposited onto that latent 
image, forming a toner image. That toner image is then 
transferred from the photoreceptor onto a substrate, such as 
a sheet of paper. The transferred toner image is then fused to 
the substrate, usually using heat and/or pressure, thereby 
creating a permanent image. The surface of the photorecep 
tor is then cleaned of residual developing material and 
recharged in preparation for the production of another 
image. 

The foregoing broadly describes a prototypical black and 
White electrophotographic printing machine. Electrophoto 
graphic marking can also produce color images by repeating 
the above process once for each color of toner that is used 
to make the composite color image. For example, in one 
color process, referred to herein as the REaD IOI process 
(Recharge, Expose, and Develop, Image On Image), a 
charged photoreceptive surface is exposed to a light image 
Which represents a ?rst color, say black. The resulting 
electrostatic latent image is then developed With black toner 
particles to produce a black toner image. The charge, expose, 
and develop process is repeated for a second color, say 
yelloW, then for a third color, say magenta, and ?nally for a 
fourth color, say cyan. The various color toner particles are 
placed in superimposed registration such that a desired 
composite color image results. That image is then trans 
ferred and fused onto a substrate. 

The REaD IOI electrophotographic printing process 
described above is an example of a “process color” machine 
in Which “subtractive” color toners, usually cyan, magenta, 
and yelloW, are combined to make an image of various 
colors and tones. A process color machine locates various 
colors of toner on top of and adjacent to each other such that 
the human eye blends the colors together to form a com 
posite image. While process color printing is required for 
imaging pictorials, it is not optimum for highlight color 
printing. In highlight color printing a particular saturated 
color, often deep red, is desired in a particular location. The 
problem With process color printing for highlight color 
applications is that it is inef?cient in producing the often 
used “additive” primary colors such as red because tWo 
separations are required (magenta and yelloW in the case of 
red) and often the subtractive toners are unable to produce 
the highlight color hue and chroma that is desired. 

Highlight color machines typically use at least black and 
red toners. For example, most of a bill might be printed in 
black, but the payment due might be printed in red so as to 
stand out from the rest of the bill. Red, green, and blue are 
“additive” colors. That is, they absorb tWo thirds of the 
visible spectrum. For this reason they are unsuitable for 
process color applications because placing tWo of the colors 
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2 
on top of each other produces black (or a dark broWn), not 
another color. Thus additive color toners cannot be used in 
prior art REaD IOI printing to produce a variety of colors. 
With additive color toners it is very important to suppress, 
rather than to enhance image-on-image (IOI) development. 
REaD electrophotographic printing is subject to various 

REaD interactions. AREaD interaction is a process problem 
encountered When trying to develop toner on toner. A ?rst 
REaD interaction is the loss of exposure due to light 
scattering and absorption by previously developed toner 
layers. Essentially, to expose the photoreceptor the exposing 
light must pass through one or more toner layers. A second 
REaD interaction involves the loss of electrostatic contrast 
When developing a toner on previously developed toner 
because of the voltage drop across the developed toner. A 
third REaD interaction involves development losses due to 
problems encountered When developing over thicker dielec 
trics. Since the foregoing REaD interactions all result from 
previously developed toner layers the basic problem then is 
developing an image on an image. Because highlight color 
printing is useful in many applications, and because REaD 
electrophotographic printing itself is a bene?cial printing 
process, techniques of enabling quality REaD printing using 
additive color toners Would be bene?cial. Since it is desired 
to suppress image-on-image development for this 
application, the REaD interactions can be used to our 
advantage rather than to our disadvantage. 

SUMMARY OF THE INVENTION 

This invention provides for REaD electrophotographic 
printing using additive color toners by inhibiting image on 
image development. Image on image development is ben 
e?cially inhibited by setting the exposure set point such that 
exposure losses When imaging through toner reduce the 
electrostatic developing potential such that toner on toner 
development is reduced. Alternatively, or additionally, 
image on image development is bene?cially inhibited by 
using a DC corona system (such as a DC scorotron) during 
recharging so as to enhance the voltage drop across previ 
ously developed toner. Again, toner on toner development is 
reduced. Alternatively, or additionally, image on image 
development is bene?cially inhibited by increasing the 
developed toner mass to increase the dielectric properties of 
developed toner. Once again, toner on toner development is 
reduced 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other aspects of the present invention Will become appar 
ent as the folloWing description proceeds and upon reference 
to the folloWing draWings, in Which like reference numerals 
identify like elements and Wherein: 

FIG. 1 shoWs an electrophotographic printing machine 
that incorporates the principles of the present invention; and 

FIG. 2 illustrates the photo-induced discharge curves, and 
thus electrostatic contrasts, of image on image development 
as in the prior art and inhibited image on image development 
in accordance With the principles of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Refer noW to FIG. 1 Wherein a preferred embodiment of 
the present invention is implemented in an electrophoto 
graphic printing machine 8 Which uses additive color toner. 
While the printing machine 8 includes a plurality of indi 
vidual subsystems that are Well knoWn in the art, they are 
implemented in a neW, non-obvious, and useful Way. 
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The printing machine 8 includes an Active Matrix 
(AMAT) photoreceptor belt 10 Which travels in the direction 
indicated by the arroW 12. Belt travel is brought about by 
mounting the photoreceptor belt about a driven roller 14 and 
tension rollers 16 and 18. The driven roller 14 is driven by 
a motor 20. 

As the photoreceptor belt travels each part of it passes 
through each of the subsequently described process stations. 
For convenience, a single section of the photoreceptor belt, 
referred to as the image area, is identi?ed. The image area 
is that part of the photoreceptor belt Which is to receive the 
various actions and toner layers Which produce the ?nal 
color image. While the photoreceptor belt may have numer 
ous image areas, since each image area is processed in the 
same Way a description of the processing of one image area 
suffices to explain the operation of the printing machine 8. 

The imaging process begins With the image area passing 
a “precharge” erase lamp 21 that illuminates the image area 
so as to cause any residual charge Which might exist on the 
image area to be discharged. Such erase lamps are common 
in high quality systems. 
As the photoreceptor belt continues its travel the image 

area passes a charging station comprised of a DC corotron 
22 that charges the image area in preparation for exposure to 
create a latent image. For example, the DC corotron might 
charge the image area to a substantially uniform potential of 
about —500 volts. It should be understood that the actual 
charge placed on the photoreceptor Will depend upon many 
variables, such as toner mass to be developed and the 
settings of the development stations (see beloW). 

After passing through the charging station the image area 
advances until it reaches an exposure station 24. At the 
exposure station the charged image area is exposed to a 
modulated laser beam 26 from a raster output scanner 27 that 
raster scans the image area such that an electrostatic latent 
representation of a black image is produced. For example, 
illuminated sections of the image area might be discharged 
by the beam 26 to about —100 volts. Thus after exposure the 
image area has a voltage pro?le comprised of relatively high 
voltage areas of about —500 volts and of relatively loW 
voltage areas of about —100 volts. Raster output scanners are 
frequently used in high quality systems. 

After passing the exposure station 24 the exposed image 
area With the black latent image passes a black development 
station 32 that advances black toner 34 onto the image area 
so as to develop the black latent image. Bias for the black 
development station 32 is derived from a poWer supply 35. 
Electrical biasing is such as to effect discharged area devel 
opment (DAD) of the loWer (less negative) of the tWo 
voltage levels on the photoreceptor. The charged black toner 
34 adheres to the exposed areas of the image area, thereby 
causing the voltage of the illuminated parts of the image area 
to be about —200 volts. The non-illuminated parts of the 
image area remain at about —500 volts. 

It should be clearly understood that While the black toner 
34, and the other colors of toner that are described 
subsequently, are shoWn as dry toner, liquid toners can also 
be used. 

The printing machine 8 bene?cially departs from prior art 
REaD printing machines by developing What Would previ 
ously be considered an excessive amount of black toner. 
Indeed, all of the developers that are discussed subsequently 
(except possibly the last developer) produce relatively large 
toner masses. One reason for this is that large toner masses 
assist in inhibiting image on image development. This is 
because large toner masses are associated With thick dielec 
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tric layers, and thick dielectric layers are knoWn to inhibit 
image on image development. 

While the black development station 32 could be a 
magnetic brush developer as shoWn, a scavengeless devel 
oper may be someWhat better. One bene?t of scavengeless 
development is that it does not disturb previously deposited 
toner layers. Since black is the ?rst developed toner layer, 
the use of scavengeless development is not required. 
HoWever, since the other development stations (described 
beloW) bene?cially use scavengeless development it may be 
better to use scavengeless development exclusively. 

After passing the black development station 32 a DC 
scorotron 42 recharges the image area and its black toner 
layer. This DC recharge step increases the toner charge and 
the toner layer voltage. This is in direct contrast to REaD IOI 
printing Wherein sophisticated recharging schemes are used 
to minimiZe the toner layer voltage Without adding an 
abundance of opposite polarity ions Which cause other 
unWanted effects. These sophisticated recharge schemes are 
needed since increased toner layer voltage inhibits the 
development of image on image toner layers. The printing 
machine 8 takes advantage of this since, With additive color 
toners, this inhibiting effect is bene?cial. 
The recharged image area With its black toner layer then 

advances to a blue exposure station 44, Which is very much 
like the black exposure station 24. The blue exposure station 
44 exposes the image area With a laser beam so as to produce 
an electrostatic latent representation of a blue image. As an 
example of the charges on the image area, the non 
illuminated parts of the image area might have a potential 
about —500 While the illuminated areas that Were previously 
developed With black toner particles might be discharged to 
about —250 volts, While the illuminated areas that Were not 
previously developed might be discharged to about —100 
volts. These voltages are exemplary only, actual voltages 
Will depend upon many factors. 

After passing the blue exposure station 44 the noW 
re-exposed image area advances past a blue development 
station 46 that deposits blue toner 48 onto the image area. 
The blue development station is bene?cially a scavengeless 
developer. As additive color toners are used in the printing 
machine 8 it is bene?cial to prevent developing blue toner on 
the black toner. This is accomplished by setting the exposure 
verses photoreceptor potential pro?le, called the photo 
induced discharge curve, such that development of the least 
negative areas are developed (in the example the areas 
discharged to about —100) While inhibiting development of 
more negative areas (the areas at —500 and —250 volts in the 
example). 

FIG. 2 shoWs an exemplary set of photo-induced dis 
charge curves. The vertical axis denotes negative photore 
ceptor voltage While the horiZontal axis denotes (in some 
convenient unit such as lumens per steradian) the exposure 
of the photoreceptor by the exposure station 44. The curve 
100 represents an exemplary plot of the photoreceptor 
voltage verses photoreceptor exposure When the exposing 
light does not pass through a previously developed layer. 
The curve 102 represents an exemplary plot of the photo 
receptor voltage verses photoreceptor exposure When the 
exposing light does pass through a previously developed 
layer. The vertical line 104 represents exemplary exposure 
and development set points in the printing machine 8. The 
vertical line 106 represents exemplary exposure and devel 
opment set points in a prior art REaD IOI printing machine. 

In prior art REaD IOI printing machines the exposure 
stations are set such that the photoreceptor is exposed by 
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illumination at a level 108 (at the base of the setpoint line 
106). That exposure ensured that the photoreceptor voltage 
dropped beloW the development threshold 110 (at the top of 
the setpoint line 106). Therefore, after exposure toner par 
ticles Would be developed on the exposed areas, causing 
image on image development. 

In contrast, in the printing machine 8 the exposure station 
44 (as Well as the subsequently described exposure stations) 
is set such that the photoreceptor is exposed by illumination 
only at a level 112 (at the base of the setpoint line 104). This 
ensures that the photoreceptor voltage drops beloW the 
development threshold 114 (at the top of the setpoint line 
104) When the illumination is directly onto the photorecep 
tor. HoWever, the development threshold 114 is beloW the 
photoreceptor voltage that occurs When illumination at a 
level 112 passes through an existing toner layer (that is, 
beloW the line 102). Therefore, toner particles are subse 
quently developed on areas having a potential beloW the 
development threshold 114, but not those above. Thus image 
on image development is inhibited. 

After passing the blue development station 46 the image 
area is recharged by a DC scorotron 52, Which increases the 
toner charge and voltage so as to inhibit image on image 
development in the same manner as the DC scorotron 42. 
The recharged image area With its black and blue toners then 
advances to a green exposure station 54, Which is very much 
like the exposure stations 24 and 44, except that the green 
exposure station 54 exposes the image area to produce an 
electrostatic latent representation of a green image. 

After passing the green exposure station 54 the noW 
re-exposed image area advances past a green development 
station 56 that deposits green toner 58 onto the image area. 
Like the blue development station, the green development 
station operates such that development of the least negative 
areas are developed (in the example the areas discharged to 
about —100) While inhibiting development of more negative 
areas (the areas at —500 and —250 volts in the example). 
Reference the foregoing discussion of FIG. 2. 

After passing the green development station 54 the image 
area is recharged by a DC scorotron 62, Which again 
enhances “opposite polarity” toner charges so as to inhibit 
image on image development in the same manner as the DC 
scorotrons 42 and 52. The recharged image area With its 
black, blue, and green toners then advances to a red exposure 
station 64, Which is very much like the exposure stations 24, 
44, and 54, except that the red exposure station 64 exposes 
the image area to produce an electrostatic latent represen 
tation of a red image. 

After passing the red exposure station 64 the noW 
re-exposed image area advances past a red development 
station 66 that deposits red toner 68 onto the image area. 
Like the blue and green development stations, the red 
development station operates such that development of the 
least negative areas are developed (in the example the areas 
discharged to about —100) While inhibiting development of 
more negative areas (the areas at —500 and —250 volts in the 
example). 

After passing the red development station the image area 
has four colors of toner Which together make up a composite 
color toner image. Those four colors of toner have been 
produced using a process in Which image on image devel 
opment has been inhibited. By avoiding image on image 
development the muddy broWn color that results When 
toners overlap is avoided. While this is itself bene?cial, 
another bene?t results: color registration requirements are 
eased. A simple case illustrates this point. Assume that a 
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6 
color that is 50% red and 50% blue is desired. The blue 
image can be produced in a checkerboard pattern of blue 
pixels With open (undeveloped) spaces. The red pixels need 
not be registered to exactly ?t the open spaces. In fact, a 
solid red exposure could be performed. Since the red toner 
Will not develop on the existing blue checkerboard, only the 
open spaces Would be developed. 

After passing the red development station the composite 
color toner image is comprised of individual toner particles 
Which have charge potentials Which vary Widely. Directly 
transferring such a composite toner image onto a substrate 
Would result in a degraded ?nal image. Therefore it is 
bene?cial to prepare the composite color toner image for 
transfer. 

To prepare for transfer a pretransfer erase lamp 70 dis 
charges the image area to produce a relatively loW charge 
level on the image area. The image area then passes a 
pretransfer DC scorotron 80 Which performs a pre-transfer 
charging function. The image area continues to advance in 
the direction 12 past the driven roller 14. A substrate 82 is 
then placed over the image area using a sheet feeder (Which 
is not shoWn). As the image area and substrate continue their 
travel they pass a transfer corotron 84. That corotron applies 
positive ions onto back of the substrate 81. Those ions attract 
the negatively charged toner particles onto the substrate. 
As the substrate continues its travel is passes a detack 

corotron 86. That corotron neutraliZes some of the charge on 
the substrate to assist separation of the substrate from the 
photoreceptor 10. As the lip of the substrate 82 moves 
around the tension roller 18 the lip separates from the 
photoreceptor. The substrate is then directed into a fuser 90 
Where a heated fuser roller 92 and a pressure roller 94 create 
a nip through Which the substrate 82 passes. The combina 
tion of pressure and heat at the nip causes the composite 
color toner image to fuse into the substrate. After fusing, a 
chute, not shoWn, guides the substrate to a catch tray, also 
not shoWn, for removal by an operator. 

After the substrate 82 is separated from the photoreceptor 
belt 10 the image area continues its travel and passes a 
preclean corotron 97 that neutraliZes most of the residual 
charges on the photoreceptor. The image area then passes a 
preclean erase lamp 98. That lamp neutraliZes most of the 
charges remaining on the photoreceptor belt. After passing 
the preclean erase lamp the residual toner and/or debris on 
the photoreceptor is removed at a cleaning station 99. The 
image area then passes once again to the precharge erase 
lamp 21 and the start of another cycle. 

Using Well knoWn technology the various machine func 
tions described above are generally managed and regulated 
by a controller Which provides electrical command signals 
for controlling the operations described above. 

It is to be understood that While the ?gures and the above 
description illustrate the present invention, they are exem 
plary only. Others Who are skilled in the applicable arts Will 
recogniZe numerous modi?cations and adaptations of the 
illustrated embodiments Which Will remain Within the prin 
ciples of the present invention. For example, the foregoing 
has described a single pass REaD printing machine. Other 
implementations are possible. For example, the principles of 
the present invention could be applied in a four pass printer, 
Wherein only one color toner image is produced during each 
pass of the photoreceptor through the machine and Wherein 
the composite color image is transferred and fused during 
the fourth pass. Another implementation might be in a ?ve 
cycle printer, Wherein only one color toner image is pro 
duced during each pass of the photoreceptor through the 
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machine, but wherein the composite color image is trans 
ferred and fused during a ?fth pass through the machine. 
Therefore, the present invention is to be limited only by the 
appended claims. 
What is claimed: 
1. A color printing machine, comprising: 
a photoreceptor having at least one image area; 

a ?rst charging station for charging said image area; 
a ?rst exposure station for exposing said image area so as 

to produce a ?rst latent image; 
a developing station for depositing a ?rst color of toner on 

said ?rst latent image; 
a second charging station for recharging said image area; 
a second exposure station for exposing said image area so 

as to produce a second latent image that overlaps said 
?rst latent image; 

a second developing station for depositing a second color 
of toner on said second latent image, Wherein said 
second color of toner is an additive color; 

a third charging station for recharging said image area; 
a third exposure station for exposing said image area so as 

to produce a third latent image that overlaps said ?rst 
and second latent images; and 

a third developing station for depositing a third color of 
toner on said third latent image, Wherein said third 
color of toner is an additive color; 
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Wherein said second exposure station exposes said image 

area With a light intensity such that said second devel 
oping station develops bare sections of said image area 
but is inhibited from developing previously developed 
sections. 

2. Acolor printing machine according to claim 1, Wherein 
said second charging station is a constant voltage DC corona 
generator. 

3. Acolor printing machine according to claim 1, Wherein 
said ?rst color of toner is black. 

4. Acolor printing machine according to claim 1, Wherein 
said second color of toner is blue, red, or green. 

5. A color printing machine according to claim 1, further 
including: 

a fourth charging station for recharging said image area; 

a fourth exposure station for exposing said image area so 
as to produce a fourth latent image that overlaps said 
?rst, second, and third latent images; and 

a fourth developing station for depositing a fourth color of 
toner on said fourth latent image, Wherein said fourth 
color of toner is an additive color. 

6. Acolor printing machine according to claim 1, Wherein 
said ?rst color of toner is developed such that a developed 
mass inhibits image on image development. 


